Arriving at a consensus in design decisions is challenging owing to the presence of diverse and multidisciplinary stakeholders with multiple design objectives. The literature on AEC design decision making have reported Analytic Hierarchy Process and Choosing by Advantages as two commonly used multi-criteria decision-making techniques for evaluation of design alternatives. However, the existing literature has mainly focused on choosing between material or technology and the comparison of the two techniques to assess the suitability for their application to non-spatial aspects of AEC design problem. The current work seeks to investigate the suitability of CBA and AHP to a layout design problem. A decision-making exercise involving a hypothetical case of evaluation of three classroom layouts was conducted. A set of criteria for design evaluation which was derived based on a previous study on stakeholder design values was used in the exercise. Conclusions were drawn based on the operationalization of the two techniques rather than a direct comparison of the results obtained from the two techniques. The findings from the study indicate that CBA aids in defining a robust set of design criteria, sub-criteria and attributes and facilitates a collaborative decision-making process. On the other hand, AHP provides a structured approach for eliciting individual participant judgments. The benefits and limitations with respect to the operationalization of the two techniques are discussed in detail.
INTRODUCTION
The requirement definition phase of Architecture, Engineering and Construction (AEC) designs is typically complex in nature involving tacit information and multiple decision points. Arriving at a consensus in design decisions is challenging owing to the presence of 1 diverse and multidisciplinary stakeholders with multiple and conflicting objectives. Design values can provide motivational, broader range and long-term goals for AEC design and these values can further aid as criteria in decision making. Lean philosophy bases its foundations on value maximization and waste minimization. Further, lean literature discusses value in AEC design in a number of contexts such as the Transformation Flow Value (TFV) theory (Koskela 2000) , Target Value Design (TVD), Choosing by Advantages (CBA), etc. Although the concept of value has been reiterated in the lean literature, a common definition and categorization of design values have not emerged. Prior studies on value-based design decision making have mainly focused on MultiCriteria Decision Making (MCDM) techniques and their suitability to AEC design problem. CBA is an MCDM technique which has been applied to a range of choice problems. In material selection problem, CBA has been applied in choosing between rebar for beamcolumn joint (Parrish and Tommelein 2012) , exterior wall assembly (Arroyo et al. 2012) , ceiling tiles (Arroyo et al. 2013; Arroyo et al. 2016) , insulation material (Arroyo et al. 2015) etc. Other applications include selection of bidder in public-sector (Schottle et al. 2017) , fall protection system (Karakhan et al. 2016) , etc. Similarly, the technique of AHP has been applied to problems such as the selection of equipment for construction (Shapira and Golderberg 2005) , assessment of pipeline design (Dey 2003) , etc. , Arroyo et al. (2015) and Parrish et al. (2015) argue that CBA technique is superior to Analytic Hieararchy Process (AHP) in the context of AEC design based on comparative studies between the two techniques. In the aforementioned studies, several factors related to the operations involved in both the techniques were used to highlight the advantages of CBA over AHP using the example of a material selection problem. The key advantages included context specificity and transparency. In addition, a few technical limitation of AHP were discussed. In the current study, preferences between layout needs to be assessed. The characteristics of layout selection are different from material and technology selection problem. In Layout selection a user is concerned with experience within the space and this experience in relation to the space is difficult to visualize. As a result the outcomes from the options are intangible in nature due to which the evaluation of layout needs to be done using abstract criteria. Therefore, the study of the effectiveness of the application of the two MCDM techniques for evaluating spatial design needs further exploration. A study on stakeholder values in the design of university campus buildings (Sahadevan and Varghese 2018) , led to a framework for evaluating design alternatives. The framework proposes the use of MCDM technique by using stakeholder values as criteria for design decision making. The decision problem in the above study was concerned with assessing layout design alternatives. However, before applying the framework to a campus layout level, it was decided to conduct a smaller scale study to assess the suitability of the two techniques to a layout problem. The objective of the paper is to study the suitability of the two techniques to a classroom layout design problem. The study does not attempt to compare the rankings obtained from the two techniques, but rather draws its insights from the observations made during the operationalization of the techniques.
Proposing New Approaches
The next section of the paper summarizes the AHP and CBA techniques. The paper then discusses the methodology adopted for the current study and the outcomes of the study followed by discussion and conclusions section.
AHP AND CBA METHODOLOGY ANALYTIC HIERARCHY PROCESS
AHP is a widely used MCDM technique applied in various areas in deciding between solution alternatives. AHP is a mathematical tool which requires decision makers to provide pairwise comparisons at each criterion level to arrive at weights for each criterion. AHP is particularly useful in cases of conflicting criteria and can consider both subjective and objective criteria for decision making (Saaty 1980) . This is the basic advantage of using AHP over cost-benefit analysis, as criteria with different units can be used for comparison, unlike cost-benefit analysis where all criteria have to be in monetary terms. The technique aids in arriving at an optimum solution considering the various criteria. The technique of AHP is found to be suitable for this problem due to the presence of conflicting design criteria in the design evaluation problem. The other advantage of using AHP is that it does not require a statistically significant sample size. The use of expert data in AHP analysis can be representative of a group in the sample data (Golden et al. 1989) . Figure 1 summarizes the steps involved in the framework. 
CHOOSING BY ADVANTAGES
Lean literature advocates CBA for design decision-making problems. CBA was developed by Jim Suhr (1999) to compare the advantages of alternatives. The technique is based on criteria of alternatives and stakeholder preferences for the advantages. CBA consists of a tabular method for choosing between mutually exclusive alternatives with unequal costs. The CBA vocabulary includes the terms alternatives, factor, criterion, attribute, and advantage. The meanings of the above terms are as follows:
 Alternative -a possible decision  Criteria -a decision rule or guideline as per decision makers  Attribute -a characteristic or quality  Factor -a container for criteria, attribute, advantages, importance and other types of data (Suhr, 1999) Proceedings IGLC -27, July 2019, Dublin, Ireland
The steps involved in CBA are as summarized in Figure 2 (Arroyo 2014):
Figure 2: CBA steps For CBA implementation a group of relevant stakeholders who influence the design needs to be selected who will be the decision makers in the process.
CRITERIA FOR LAYOUT EVALUATION
The application of MCDM necessitates a systematic identification of criteria for decision making. The set of design values from a previous study on university campus design (Sahadevan and Varghese 2018) were used as criteria for applying the two techniques. The criteria of constructability and schedule were not considered in this study as the influence of these criteria on the classroom layout decision was assumed to be insignificant. Table 1 summarizes the design criteria that were used for the study. Figure 3 illustrates the hierarchical framework for AHP analysis for single criteria level problem. 
RESEARCH METHOD
The aim of the current work is to assess the suitability of AHP and CBA to layout design evaluation based on their operationalization to a classroom layout problem. The problem was concerned with design layouts for post-graduate courses for an engineering institute. Three layout alternatives were developed whose features are summarized in Table 2 . It was assumed that the classrooms were designed for engaging courses which are conceptual and discussion oriented for a class strength of a maximum of 40 students. The location of the building housing the classroom was assumed to be Chennai-India for all the three alternatives. A Revit model (Figure 4 ) was developed for the three design solutions which aided in visualization as well as material take-offs. (Hammond and Jones 2008) for construction materials for arriving at the energy footprint. The reverberation time was used as an indicator for the acoustic performance of the classrooms. The reverberation time was calculated using Sabine's reverberation equation and was found to be within permissible limits for all the three alternatives (Sabine 1964) . Since the study did not aim to compare the results obtained from the two studies, the research design did not necessitate conducting both the exercises with a single group. On the contrary, this avoided the participants from getting influenced by the judgments made from a previous exercise. The following broad steps were used to conduct the study:
i. Four experienced faculties were chosen for the AHP exercise whereas a group of 17 Ph.D. scholars participated in the CBA exercise. ii. Both the groups were briefed with the design features of the three alternatives and subsequently, each participant was asked to rank their layout preference based on individual ad-hoc judgment.
iii. The participants were familiarized with the CBA and AHP vocabulary and procedures. iv.
The participants were asked to list down and discuss the criteria with which they would evaluate the layout of the classroom. v. AHP / CBA sessions were conducted individually for the AHP and as a group for CBA. The session was audio recorded for analysis after the study. The AHP analysis was done using a standard commercial software. One of the challenges in AHP implementation was obtaining consistency in the data. AHP data with an inconsistency above 10% cannot be considered for analysis forcing the researcher to either repeat the process with the particular participant or altogether eliminate the data point. The major challenge in conducting the CBA exercise was co-locating all the decision makers. The findings from the two exercises are discussed in the next section.
RESULTS
Prior to starting the exercise, a brainstorming exercise was conducted to identify whether the identified criteria (Table 1) were comprehensive enough for evaluating the design alternatives. The discussion did not yield any additional criteria other than the ones mentioned in Table 1 . Table 3 summarizes the rankings given by the four respondents for the three alternatives based on individual ad-hoc judgment. The outcomes of this rankings indicate that majority of the faculty (three out of four) preferred tiered classroom over the other two options and three out of four faculty gave rank 2 to the traditional classroom. The results in the form of scores obtained from the AHP analysis are summarized in Table 4 . Inconsistency in all the four cases were below 10%. The AHP scores indicate that AHP yielded different rankings compared to the individual judgments. For example, faculty 1 and 2 preferred tiered classroom over the other two based on individual judgment. However, the AHP exercise resulted in the interactive classroom as rank 1 in both the cases. Similarly, as per the AHP score faculty 3 gives high preference to tiered classroom although the faculty had given rank 1 to interactive classroom and rank 3 to tiered classroom based on ad-hoc judgement. Faculty 4 ranked the three classrooms in the order of tiered over traditional over interactive however the AHP analysis indicates high preference to traditional classroom. The reasons for this variation from the individual judgement is discussed in the discussion section. Figure 5 summarizes the rankings given by the participants based on individual ad-hoc judgment.
AHP RESULTS

CBA RESULTS
Figure 5: Rankings based on individual participant intuition 58.8% of the participants gave rank 1 to interactive classroom, whereas the remaining 41.2% gave tiered classroom rank 1. Almost 70% of the participants gave rank 3 to traditional classroom. From the results, it can be said that the majority of the participants prefer interactive over tiered and traditional classroom. As all the participants are Ph. D. students, these judgements are predominantly from the user perspective.
CBA Table:
The following Table summarizes the CBA exercise. In the CBA exercise, the criterion of ergonomics was not considered as the group was not able to arrive at a consensus on objective attributes for judging the alternatives due to the subjective nature of the criteria. The advantage of ease of circulation was considered as the paramount advantage. The results of the CBA exercise are summarized in Figure 6 .
Figure 6: Cost v/s IofAs As can be observed from the graph, the interactive classroom has the highest IofA of 490 with a cost of ₹ 8,00,000. The traditional classroom has an IofA of 170 with the least cost of ₹ 6,95,000. Both individual rankings and the CBA outcomes show that the group preferred interactive classroom over the other two alternatives. The IofA of the interactive classroom is way higher compared to the other two alternatives. Further, the cost -IofA graph indicates that although the traditional classroom cost is least among the three, the interactive classroom is the best option as an increase in cost by ₹ 10,50,000 yields advantages which is more than twice of the traditional one. As the exercise was conducted for a hypothetical case, participants were required to provide inputs based on knowledge and experience. It goes without saying that practitioners as participants in the study would provide realistic inputs in terms of criteria and attributes as opposed to non-practitioners due to lack of on-field experience which is the limitation of the study. Another limitation was the presence of a large group (17 members in the case of CBA) which can lead to chaos affecting the decision-making process as opposed to a smaller group which is easier to control.
DISCUSSION AND CONCLUSIONS
Role of individual preferences in decision making:
As discussed earlier the AHP scores indicated variation in the faculty rankings between the ad-hoc opinion of faculty and their AHP computed preference. The AHP scores of faculty 1 and faculty 2 indicate their preference towards interactive type of classroom in contrast to their ad-hoc opinion in which both the faculty gave rank 1 to tiered type of classroom. As per the AHP scores, the interactive classroom scored high due to the 'social' and 'flexible' criteria. Both faculty 1 and 2 handle courses which are pedagogically interactive and involves group discussion. The AHP process ensured that the individual preference of the decision makers for all the criteria is elicited thereby ensuring a more holistic representation of their actual preference. The variation in the judgments of faculty 3 and 4 can also be similarly explained. Although, faculty 3 gave rank 1 to interactive classroom, the AHP score indicates high preference towards tiered type of classroom. This was due to the high weightage given by the faculty to 'functional' and 'image' criteria. The faculty predominantly engages in lecture-based courses which does not involve student interaction. Faculty 4, gave rank 1 to tiered classroom during ad-hoc judgment but showed high preference towards traditional classroom. Faculty 4 also engages in lecture-based courses which does not involve group activities. Upon discussions with the faculty, it was revealed that the faculty gave ad-hoc judgment depending upon the type of courses they handle and other factors such as the ease of control of the audience. From the AHP analysis it was observed that the criteria of 'social' and 'flexible' influenced the final outcome of the process which were not considered during the ad-hoc judgment. The AHP process required that the faculty give their preferences for all criteria mentioned in Table 1 aiding in the inclusion of all relevant criteria in decision making.
Soundness of decision making:
The soundness of the two techniques in layout decision making are discussed below using four important factors reported by Arroyo et al. (2015) .  Consistency: Arroyo et al. (2015) have discussed how removal of certain nondifferentiating criteria can lead to rank reversal in AHP. It goes without saying that CBA is beneficial with respect to this factor. However, there is no explanation in the existing literature concerning the quality of decision by AHP if only differentiating criteria are used. The question whether AHP decision can be made more sound by considering only differentiating factor needs further exploration.  Context-specific: Arroyo et al. (2015) discuss the limitation of AHP citing that factors' weights are obtained from experts without specific alternatives. While CBA process is solely based on context specific attributes, AHP weights in the current work were obtained by considering the available alternatives which makes the judgment context specific.  Transparency of trade-offs within and among factors: Arroyo et al. (2015) discuss about linear trade-offs in AHP operations being unrealistic when concerned with criteria which do not exhibit linear increments of performances. CBA on the other hand is not dependent on such assumptions. These assumptions are certainly a draw-back of AHP and better methods of choosing criteria and eliciting preferences needs to explored.  Subjectivity: In the current work it was found that agreeing on advantages for a subjective criterion such as image was a challenge as there were strong and clear differences in the opinion of participants.
Some additional factors from the current study are summarized below.  Collaboration and transparency: While, the use of AHP in the current work illustrated how individual preferences influence decision making, CBA facilitated collaborative and transparent decision making which is a necessity in design decision-making. However, the dynamics of the decision-making group has an influence on the time and effort expended in reaching a consensus on attributes as well as on individual IofAs. In typical design situations where diverse stakeholders are trying to maximize their objectives, it can be challenging to arrive at a consensus. As the scale of the problem increases, so does the complexity of the design attributes rendering the technique even more challenging to implement. In case of AHP, aggregation of individual judgments for arriving at group consensus and its influence on design decision making needs further exploration.  Abstractness of criteria: An important criterion in the layout of the classroom and furniture layout is ergonomics. Due to the subjective nature of this criterion, obtaining consensus on advantage and importance of advantages is challenging.
Ease of operationalizing of the techniques: As the AHP technique involves obtaining individual preferences and scores, the participants need not be co-located and the individual judgements can be aggregated to analyze the group judgement. After the initial brief, the participants took ten to fifteen minutes in eliciting the weights and scores. The CBA exercise is collaborative and necessitates the co-location of all decision makers involved with the design. The CBA exercise took three hours which was much longer compared to the time spent by a participant in AHP. Thus, it can be stated that AHP can be operationalized with relative ease as opposed to CBA wherein the decision makers are required to invest more time and effort. However, in the current study the longer time taken to arrive at a decision can be attributed to the larger size of the group (17 members) involved in the exercise.
CONCLUSIONS
From the discussions, it can be concluded that AHP aids in capturing individual preferences in design decision making. AHP was found to be easier to implement in case of subjective and abstract criteria. Although, AHP is based on individual judgment it provides structure to decision making and hence it is easier to operationalize. The disadvantages of AHP with regards to consistency and trade-offs call for further exploration. In order to make informed decisions, it is essential that design decisions are made collaboratively. CBA allows decision makers to arrive at sound criteria and sub-criteria and indulge in collaborative and transparent decision making. In order to have a fair comparison between the two techniques similar number of participants is warranted which is a limitation of the study.
FUTURE WORK
The benefits of both the techniques need to be harnessed to arrive at a robust method for layout design evaluation. Therefore, a CBA-AHP framework which combines the characteristics of the two techniques needs to be explored further.
